We present our ALMA Band 8 observations of a damped Lyα absorption (DLA) system at z = 3.150 observed in the spectrum of the quasar Q2233+131 at z = 3.295. The optical counterpart of this DLA has been identified and it shows a double-peaked Lyα emission line. Since one possible origin of DLAs at high redshift is an outflowing gas from star-forming galaxies, DLA2233+131 provides a good laboratory to investigate the nature of high-z DLAs. Motivated by this, we have carried out ALMA band 8 observations to study the [C II] line in this system. However, we do not detect any significant emission line in the observed pass bands. Instead, we have serendipitously found three submm continuum sources in the observed sky area. One appears to be the quasar Q2233+131 itself while the other two sources are newly identified submm galaxies (SMGs), called SMG1 and SMG2 in this paper. They are located at a separation of 4 .7 and 8 .1 from Q2233+131, respectively. Their 646 µm fluxes are 6.35 mJy and 6.43 mJy, respectively, being higher than that of Q2233+131, 3.62 mJy. Since these two SMGs are not detected in the optical images obtained with the Hubble Space Telescope and the Subaru Telescope, they have a very red spectral energy distribution. It is, therefore, suggested that they are high-redshift galaxies or very dusty galaxies at intermediate redshift although we cannot rule out the possibility that they are optically very faint SMG analogs at low redshift. Follow up observations will be necessary to explore the nature of this interesting region.
Introduction
Quasar absorption line systems in ultraviolet (UV) spectra of high-redshift quasars have been used to investigate the nature of the intergalactic medium (IGM) and intervening objects such as gas-rich galaxies along lines of sight of quasars (Wolfe et al. 1986; Wolfe et al. 2005 ). Among such quasar absorption line systems, damped Lyα absorption (DLA) systems [N (HI) ≥ 2 × 10 20 cm −2 (Wolfe et al. 1986 )] as well as Lyman limit systems (LLSs) [10 17 cm −2 ≤ N (HI) < 2 × 10 20 cm −2 (Péroux et al. 2003) ], and metal-line absorbers like Mg ii absorbers (Bergeron, & Boissé 1991; Steidel 1995b; Rao et al. 2006; Monier et al. 2009; Rao et al. 2011) are useful in studying the evolution of gas-rich galaxies from high through intermediate to low redshifts. However, one serious problem is that their optical counterparts are rarely identified (Wolfe et al. 2005; Krogager et al. 2017) . Moreover, even when they are identified, their impact parameters are sometimes large, several tens kpc to more than 100 kpc; e.g., Rao et al. (2011); Fynbo et al. (2018) ; Mackenzie et al. (2019) . Christensen et al. (2014) examined the mass-luminosity (MZ) relation for DLAs (e.g., Møller et al. 2013) to find that the stellar masses of optical counterparts of DLAs show a good agreement with those predicted by the MZ relation, at least for the metal-rich DLAs. Krogager et al. (2017) showed that the low detection rate of optical DLA counterparts and the distribution of impact parameters between DLAs and background quasars are explained by a simple scenario where the "metallicity-luminosity relation" of a DLA is given by MUV = −5 × [M/H + 0.3] − 20.8 and the cross-section of DLA is proportional to the luminosity following a relation σDLA ∝ L 0.8 . An open question for the nature of high-z DLAs is how the counterpart makes the absorption feature. The most probable candidates are disks of gas-rich galaxies including dwarf and low-surface brightness ones (e.g., Prochaska, & Wolfe 1997; Prochaska, & Wolfe 1998; Jimenez et al. 1999 ). On the other hand, in these two decades, the following new ideas have been proposed; galactic outflows (e.g., Taniguchi & Shioya 2000; Nagamine et al. 2004) , tidal tails in the galaxy interaction (e.g., Kacprzak et al. 2010) , and cosmic filaments (e.g., Fumagalli et al. 2017 ).
In the case of DLAs with a larger impact parameter, outflowing gas is a good candidate of the origin of absorption feature. For example, Taniguchi & Shioya (2000) proposed that an initial starburst in a galaxy with mass of ∼10 11 M makes a large-scale shocked gaseous shell around the galaxy because of the superwind outflow. Since its typical radius reaches to ∼100 kpc, this can explain the observed large impact parameters of DLAs. The galaxy itself could become fainter during the course of its passive evolution making it difficult to identify optical counterparts in many cases which would then explain the observed low detection rate of DLA counterparts in the optical. The metal enrichment by Type II supernovae gives a typical metallicity of Z ∼ 0.02Z or [M/H] ∼ −1.7 in the shocked shell, consistent with the observed metallicity of DLAs. According to Taniguchi, & Shioya (2001) , the shock velocity ranges from ∼0 km s −1 to a few thousands km s −1 , depending on the energy of a superwind, the evolutionally phase of a superwind, and the viewing angle toward a part of the shocked shell. They also found a positive correlation between the metallicity and velocity width, being consistent with the observed velocity-metallicity relation of high-z DLAs (e.g., Ledoux et al. 2006) . Such superwind models can also explain the observed H i column density distribution function (Nagamine et al. 2004 ). Although it is unclear whether or not the galactic outflow is a major origin of high-z DLAs, some DLAs at high redshift with evidence for outflows have been observed so far (e.g., Christensen et al. 2004; Krogager et al. 2013; Kashikawa et al. 2014) . For understanding the nature of high-z DLAs, it is important to confirm the plausible origin of each DLA.
Optical observations even with the largest and most sensitive telescopes are extremely challenging because these systems are extremely faint in the optical due to cosmological surface brightness dimming whereas millimeter/submillimeter windows offer a relatively constant flux due to the negative K-correction. Therefore, instead of the optical window, we are now able to choose the millimeter/submillimeter windows using the Atacama Large Millimeter and Submillimeter Array (ALMA). In fact, recently, ALMA has been used to investigate the nature of high-redshift DLA counterparts by using dust continuum emission and radio atomic and molecular emis-sion lines such as [C ii] 158 µm and CO emission lines (Neeleman et al. 2016; Neeleman et al. 2017; Fynbo et al. 2018; Kanekar et al. 2018; Møller et al. 2018; Neeleman et al. 2018; Neeleman et al. 2019) . Encouraged by these pioneering ALMA observations of high-redshift DLAs, in this study, we focus on a z = 3.150 DLA system in the line of sight of Q2233+131 whose redshift is z = 3.295 (Christensen et al. 2004) . Because the Lyα emission from this optical counterpart shows a double-peaked profile, a possible origin of this DLA is thought to be outflowing gas. Since this DLA has been well studied by optical observations (Djorgovski et al. 1996; Christensen et al. 2004; Christensen et al. 2007; Kashikawa et al. 2014) , it provides a good laboratory to examine the scenario for the origin of the DLA, by combining optical and submm properties.
The structure of this paper is as follows.
In Section 2, we summarize general properties of our target, DLA2233+131. Section 3 describes the observations and data reduction. The results of our ALMA observations are shown in Section 4. In Section 5, we discuss possible scenarios to explain the origin of DLA2233+131 and serendipitously detected submm galaxies (SMGs). Finally, we present our concluding remark in Section 6. Throughout this paper, we adopt a flat cosmology with Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km s −1 Mpc −1 .
Our target: DLA2233+131
Our target is DLA2233+131 found toward the quasar Q2233+131 at z = 3.295 (see Table 1 ). This is the first intervening DLA whose optical counterpart was identified in both Lyα emission and stellar continuum by Djorgovski et al. (1996) . The H i column density of DLA2233+131 has been measured as follows; logN (H i) (cm −2 ) = 20.00 (Lu et al. 1993 ), 20.2 (Curran et al. 2002 , and 19.95 [SDSS DR5; see Kashikawa et al. (2014) ]. Since all these values are smaller than logN (H i) (cm −2 ) = 20.3 required to define the DLA, strictly speaking, this absorber is not a DLA but a sub-DLA or a Lyman limit system (LLS); see Péroux et al. (2003) . However, following Djorgovski et al. (1996) , we refer this absorber as DLA2233+131 in this paper. Its optical image obtained with the Hubble Space Telescope is shown in the right panel of Figure 2 . This DLA is located 2 .3 away from the quasar at PA = 159 • . The projected separation from the line of sight to Q2333+133 is ∼ 18 kpc. A summary of the position of DLA2233+131 measured in the literature is given in Table  1 . Note that the presence of this DLA feature was already found by Sargent et al. (1989) and by Lu et al. (1993) and the quasar Q2233+131 was found in the CFHT Blue Grens (2002) ; N-16-1D, (5) Kashikawa et al. (2014) . * The value of zDLA is taken from Lu et al. (1993) . † zLyα,em = 3.1530 ± 0.0003 in Djorgovski et al. (1996) . # Since the narrowband filter NB502 (λc 5025Å and ∆λ = 60Å)
is used in Kashikawa et al. (2014) , the redshift coverage is shown here.
Quasar Survey Plates by Crampton et al. (1985) .
After the optical identification of DLA2233+131 by Djorgovski et al. (1996) , a number of follow up studies have been made to date. First, its metallicity is found as [Fe/H] = −1.4 (Lu et al. 1997) . Møller, & Christensen (2019) re-derived the metallicity to be [Si/H] = −0.97 ± 0.13. Since Fe tends to be depleted by dust (e.g., Wolfe et al. 2005; Rafelski et al. 2014) , we use [Si/H] as the metallicity of DLA2233+131 throughout this paper. The Lyα emission-line region is further investigated by Christensen et al. (2004) and Kashikawa et al. (2014) . Christensen et al. (2004) performed integral field spectroscopic (IFS) observations of this DLA2233+131 to find a spatially extended Lyα blob with a size of ∼23 kpc × 38 kpc. However, the extended morphology of Lyα emission was not confirmed by higher spectral resolution IFS observations (Christensen et al. 2007 ). Christensen et al. (2007) claimed that the IFS data obtained by Christensen et al. (2004) is likely affected by the systematic noise. Furthermore, Kashikawa et al. (2014) found not an extended but a compact Lyα emissionline region at DLA2233+131. Their analysis shows that its effective radius is 1.35 arcsec, corresponding to 10.24 kpc, and the Sersic index is n = 1.80. Christensen et al. (2014) estimated the stellar mass of the counterpart of DLA2233+131 to be ∼ 10 9.8 M based on their SED fitting. The observational properties of DLA2233+131 are summarized in Table 2 . It is noted that another absorber at z = 2.543 is also identified in the UV spectrum of Q2233+131 (Steidel et al. 1995a ). However, we call the absorber at z = 3.150 as DLA2233+133 in this paper. 
Observations and data reduction
We observed a sky area with a radius of 11 centered at the position of Q2233+131 in ALMA Cycle 5 (Proposal ID 2017.1.00345.S, PI: Y. Taniguchi). The observations were conducted on 24 May 2018 using forty-six 12-m antennas with baseline lengths of 15.0 m -313.7 m. We used the ALMA Band-8 receivers to detect redshifted [C ii] 158 µm and continuum emissions from the counterpart of DLA at z = 3.150 along the sightline to Q2233+131. We used 4 bands with a width of 1.875 GHz which are divided into 128 channels. We set the central frequency of the band to be 457.329 GHz and 459.121 GHz for the [C ii] line, while 469.329 GHz and 471.121 GHz for the continuum emission. The total on-source integration time was 31.7 minutes.
All the data were reduced by using the Common Astronomy Software Application (CASA) ver 5.4.0 (McMullin et al. 2007 ). To search for the emission line, we create a dirty cube per 100 km s −1 bin. We then applied uvcontsub task for each side band to make the final cube with the natural weighting. As for the continuum emission, we first created a dirty map with natural weighting using all the 4 spectral windows. We then performed tCLEAN down to 2σ, resulting that we detected 3 continuum sources, one of which is Q2233+131. We detected no other objects with > 3σ. Here, the 1σ noise level is ∼67 µJy/beam at the phase center. The synthesized beam size is 0 .84 × 0 .61 with a position angle of 52 degree. The maximum recoverable scale is 5 .15. Flux measurements were performed via Gaussian fitting with the CASA task, imfit. We extracted spectra of these 3 continuum sources by adopting 1 .0 diameter aperture.
Results

The ALMA Band 8 Image
In Figure 1 , we show the obtained ALMA Band 8 image around the quasar Q2233+131. The field of view shown in Figure 1 is approximately 22 in diameter. However, note that the sky area in which the primary beam response exceeds 50 percent is 13 in diameter (the inner dotted circle in Figure 1 ), and that above 30 percent is 16 .5 in diameter (the outer dashed circle in Figure 1 ).
As shown in this figure, we have detected three bright continuum sources. One is the quasar Q2233+131 itself that is located in the center of the field of view. Since the observed optical rest-frame magnitudes of Q2233+131, B = 18.29 and V = 18.15 (Djorgovski et al. 1996) (see Table 2 ), we assume that the most submm emission comes not from DLA2233+131 but from Q2233+131. In Figure 2 , we compare ALMA band 8 and HST images around Q2233+131. We find no continuum source at the position of the optical counterpart of DLA2233+131.
The other two continuum sources are unknown ones that are considered to be SMGs although their redshifts are also unknown. Hereafter, we call them SMG1 and SMG2 in this paper. Their angular distances from Q2233+131 are 4 .7 and 8 .1, respectively. In Table 3 , we give basic observational properties of the above three bright continuum sources. We here note that the newly found SMGs are brighter by a factor of two than the quasar Q2233+131.
ALMA HST DLA Fig. 2 . Comparison of our ALMA image with the HST optical image around Q2233+131 (10 × 10 ). The ALMA rest-frame 646µm continuum map (left) is compared with the HST WFPC2 F702W image (right) around DLA2233+131/Q2233+131. The ALMA source shown at the left edge in the left panel is SMG1 (see Figure 1 ).
4.2
The ALMA Band 8 Spectra of DLA2233+131, SMG1, and SMG2
In Figure 3 , we show the obtained spectrum of DLA2233+131 together with those of Q2233+131, SMG1, and SMG2. None of these objects show significant emission lines at any observed frequency intervals. Here we use a 1 aperture for all these sources. Since the frequency coverages of our band 8 observations are from 456.5 GHz to 459.8 GHz and from 468.5 GHz to 471.8 GHz, our nondetection means that [C ii] 158 µm emission does not appear at the redshift intervals of z = 3.028 -3.057 and z = 3.133 -3.163. Now, let us estimate the upper limit of [C ii] 158 µm emission line using a velocity integrated map. Here, we use the following three methods. Method A: Aperture photometry at the Q2233+131 position with an aperture of 0 .5 in radius, Method B: Standard deviation of 300-point random aperture photometry with an aperture of 0 .5 in radius, and Method C: RMS of the map in units of mJy/beam. To carry out these estimates, we first combine images with two velocity intervals, 200 km s −1 and 700 km s −1 . These two intervals correspond to a typical FWHM for a star forming galaxy and the lowest FWHM of Lyα emission observed by Christensen et al. (2004) . The velocity center is set to be 458.184 GHz at which [C ii] 158 µm emission is expected to be detected at zDLA. The results are summarized in Table 4 . Although we do not know which is the best estimate, here we adopt the result of Method B with FWHM([C ii]) = 700 km s −1 . In this case, the 3σ velocity weighted upper limit is estimated as 330 mJy km s −1 . Table 5 . Although their impact parameters range from ∼20 kpc to ∼40 kpc, the velocity coverage of [C ii] 158 µm emission is nearly the same as that of DLA, the detected [C ii] 158 µm emission appears to come from the object associated with the DLA in each case. The observed large impact parameters from a few tens to several tens kpc are significantly larger than typical sizes of such high-z galaxies. It is thus suggested that these DLA counterparts have a large halo of dense, neutral gas around them.
Possible origins of such large halos are considered to be either outflows from a DLA counterpart or cooling flows from primordial gas in cosmic webs. Our target DLA2233+131 has an evident optical counterpart observed in both Lyα emission line and UV continuum. The presence of the double-peaked Lyα emission line (Christensen et al. 2004 ) is considered as evidence for outflowing gas. However, no [C ii] 158 µm emission is detected in our observations. Therefore, it is important to consider possible reasons for this non-detection.
A simple explanation is that our observations are too shallow to detect the [C ii] 158 µm emission line. Indeed, previously detected [C ii] lines from high-z DLAs are fainter than our detection limit (see Table 5 ). We estimate a probable expected flux of [C ii] 158 µm emission using the Lyα emission line flux obtained by Djorgovski et al. (1996) ; f (Lyα) = (6.4 ± 1.2) × 10 −17 erg cm −2 s −1 . Using the luminosity distance to DLA2233+131, DL = 26951.9 Mpc given the cosmological parameters adopted in this paper, we obtain the Lyα luminosity, L(Lyα) = 5.5×10 42 erg s −1 . Adopting the case B recombination case, the Lyα/Hα intensity ratio of 8.7, we obtain the Hα luminosity, L(Hα) = 6.4 × 10 41 erg s −1 . Based on this Hα luminosity, we can estimate the star formation rate, SF R ∼ 5 M yr −1 using the relation of SF R(M y −1 ) = 7.9 × 10 −42 L(Hα) [erg s −1 ] (Kennicutt 1998) . Using this SF R, we estimate the far-infrared (FIR) luminosity, L(FIR) = 1.1 × 10 44 erg s −1 where FIR means the wavelength interval between 1 µm and 1000 µm. Here, we use the relation SF R(M yr −1 ) = 4.5 × 10 −44 L(FIR) [erg s −1 ] (Kennicutt 1998) . Adopting the [C ii] 158 µm emission to FIR luminosity ratio of 10 −2.5 for L(FIR) < 10 12 L (Luhman et al. 2003; Maiolino et al. 2009 ), we obtain the expected [C ii] 158 µm emission luminosity, L([C ii]) = 3.7 × 10 41 erg s −1 . Now, we can estimate the expected velocity integrated flux of [C ii] 158 µm emission as S(
.5 GHz, and DL = 26951.9 Mpc (Solomon & Vanden Bout 2005) . We then obtain S([C ii]) δv = 302 mJy km s −1 . This is lower than 3σ limit of our observations (330 mJy km s −1 ), as discussed in Section 4.2.
Here, it should be noted that the [C ii]/FIR relation of high-z galaxies shows a broad scatter (Carilli, & Walter 2013; Malhotra et al. 2017 ) ranging [C ii]/FIR ∼ 10 −3.6 − 10 −1.5 . Based on this, the estimated [C ii] flux ranges S([C ii]) δv = 24 -3200 mJy km s −1 . The nondetection of [C ii] emission from DLA2233+131 implies the low [C ii]/FIR ratio of DLA2233+131. Malhotra et al. (2017) showed that the main determining factor for the [C ii]/FIR ratio is the dust temperature; lower values of [C ii]/FIR suggest higher dust temperatures. On the other hand, we have not detected the dust continuum emission from DLA2233+131. Moreover, Christensen et al. (2004) estimate the SFR of DLA2233+131 not only from the Lyα luminosity but also from the broad-band photometry, SF R(UV) = 12 ± 5 M yr −1 . The SF R(Lyα)/SF R(UV) ratio of DLA2233+131 is comparable to those of highz Lyα emitters, suggesting that the DLA2233+131 host galaxy has only little dust content. Therefore, there could be other possibilities for the reason why [C ii] emission has not detected.
A possible explanation is that the DLA counterpart is optically thick enough to activate the self-shielding effect (Worseck et al. 2014) . In this scenario, the [C ii] emission line is expected to be unobservable because the photodissociation region (PDR) cannot be formed. This is consistent with almost all hydrogens in systems with NHI > 10 19.5 are likely neutral (Viegas 1995) . Although Christensen et al. (2007) and Kashikawa et al. (2014) did not confirm largely extended structure of DLA2233+131 reported by Christensen et al. (2004) , there appear to be some faint Lyα emitting regions to the east of the galaxy associated with an idea that the DLA (see Figure 2 of Christensen et al. 2007 and Figure 2 of Kashikawa et al. 2014) . Christensen et al. (2004) reported the Lyα emission line from DLA2233+131 shows a double peak profile which is confirmed by the follow-up observations with a higher spectral resolution performed by Christensen et al. (2007) . These properties suggest the existence of the outflowing gas. If the optically thick scenario is the case, the origin of the faint Lyα emission in the east part of the counterpart of DLA2233+131 can be explained by the resonant scattering. This scenario is similar to that proposed by Christensen et al. (2004) , where Lyα photons radiated by star-forming regions are scattered by surrounding H i clouds that are extended by the galactic outflow, although its spatial extent is not so large.
In summary, we have estimated the [C ii] 158 µm flux to be S([C ii]) δv = 24 -3200 mJy km s −1 based on the SFR of the counterpart. A large spread of the estimated flux is due to a broad scatter of observed [C ii]/FIR ratio. Our non-detection suggests a low [C ii]/FIR value and the exposure time of our observations may be too short to detect [C ii] emission from DLA2233+131. Indeed, most of previously detected [C ii] emission from high-z DLAs is fainter than the limiting flux of our observations (Neeleman et al. 2017; Neeleman et al. 2019 ). Thus it is recommended that a new observation with a longer integration time will be executed in future. Although there is no guideline for integration time, a couple of hours integration may be fine as a trial. Note that the previous successful detection of [C ii] 158 µm emission from DLAs at z ∼ 4 has been made with integration time of a couple of hours (Neeleman et al. 2017; Neeleman et al. 2019) .
What are the two SMGs ?
We have serendipitously found the two SMGs in the Q2233+131 field, SMG1 and SMG2 (see Fig. 1 and Table  3 ). In this subsection, we discuss their origins.
Basic properties of SMGs
Projected separations from SMG 1 and 2 to Q2233+131 are 4 .7 and 8 .1, respectively. At present, we have no direct information on their redshifts. We search for the available data to date to estimate their redshifts.
First, in order to search for their optical counterparts, we examine the HST/WFPC F702W and HST/NICMOS F160W images of the Q2233+131 field in the upper central and upper right panel of Figure 4 , respectively. However, we find no optical counterpart. Note that these image were retrieved from the HST archive by Christensen et al. (2004) (see their Figure 7 ) and Warren et al. (2001) (N16 in their Figure 8 ), respectively. As for HST/STIS high-resolution image for DLA2233+131, see Møller et al. (2002) in which DLA2233+131 is called as N-16-1D. However, since only a 4 arcsec by 4 arcsec area is displayed, the two SMGs are not found there. Next, Kashikawa et al. (2014) obtained broad and narrow-band images of the Q2233+131 field to find an optical counterpart of DLA2233+131 using the Faint Object Camera and Spectrograph (FOCAS; Kashikawa et al. 2002) on the Subaru Telescope. We again find no optical counterpart at the position of the SMGs in their FOCAS images (see the lower two panels of Figure 4 ). The 3σ limiting AB magnitudes of FOCAS images in a 2 aperture are B = 24.40, and V = 24.44, respectively.
We then checked MIR and FIR images obtained by Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) in the framework of the ALLWISE program (Cutri et al. 2014) . Although the Q2233+131 itself is detected in all the WISE band images (3.4, 4.6, 12, and 22 µm), the spatial resolution of WISE (6 .1 -12 .0 depending on bands) is not high enough to resolve the quasar and the two SMGs. Note that no image around the Q2233+131 field had been taken by the Spitzer Space Telescope.
It has been reported that most samples of previously observed SMGs are high-z objects with a median redshift of z ∼ 2.5 and ∼ 20% of SMGs are at z > 3 (e.g., Chapman et al. 2005; Yun et al. 2012; Danielson et al. 2017) . At low redshifts, Oteo et al. (2017) defined the z < 0.5 analogs of SMGs based on their dust temperatures and total IR lumi- nosities. All of these low-z SMG analogs are detected in optical observations. However, since low-z SMG analogs are selected by utilizing available spectral redshift, the samples may be biased toward optically bright ones. Yun et al. (2012) found some SMGs at z < 1 in their deep submm imaging survey. All the SMGs at z < 1 confirmed by them are brighter than i = 23.5 mag. Danielson et al. (2017) confirmed spectroscopic redshifts of 73 SMGs with the Keck Telescope. Twelve out of 73 SMGs are at z < 1 and all of them are brighter than R = 24.2. As for 1 < z < 1.5 SMGs, 75% (6/8) of them have R < 23.8. Again, we note that these samples may be biased toward optically bright objects. Taking account of the non-detection of SMG1 and SMG2 in the optical with HST and the Subaru Telescope, it is more likely that these SMGs are located at high redshifts. While we found that the two SMGs are dusty and invisible at shorter wavelengths, it is hard to derive photometric redshifts for them due to the limited available photometric points at present.
5.2.2
Are the two SMGs associated with Q2233+131 at z = 3.3 ?
Since we cannot derive any secure redshifts of the SMGs by utilizing the current dataset, we discuss their possible association to Q2233+131 based on our ALMA data. Although some submm detected DLA counterparts without optical detection have been found (Neeleman et al. 2019) , the two SMGs in this study may not be associated to DLA2233+131 at z = 3.150 because both of them show no [C ii] emission line as shown in Figure 3 .
Hence, we discuss their association to Q2233+131.
SMG1 and SMG2 are located in the sky area within a diameter of 16 .5, in which the primary beam response exceeds 30 percent. In this case, the presence of the three sources, SMG1, SMG2, and Q2233+131, gives a surface number density of 1.4 × 10 −2 arcsec −2 , corresponding to ∼50.4 deg −2 . We compare this surface density with that obtained by the ALMA twenty-six arcmin 2 survey of GOODS-S at one millimeter (ASAGAO) survey (Hatsukade et al. 2018) . According to the ASAGAO survey, the surface number density of SMGs at z ∼ 3 is estimated as ∼900 deg −2 for SMGs with their flux density of S > 1 mJy at λ = 1.2 mm, giving a surface number density of 4.7 × 10 −4 arcsec −2 . Here we estimate the flux densities at λ = 1.2 mm of the two SMGs, SMG1 and SMG2, and the quasar Q2233+131. If we adopt a typical SED for SMGs at ∼ 3 (Swinbank et al. 2014) , we obtain 1.4 mJy, 1.4 mJy, and 1.0 mJy for the three sources, respectively. Therefore the surface density of SMGs with their flux density of S > 1 mJy at λ = 1.2 mm is kept as 1.4×10 −2 arcsec −2 . It is here noted that the quasar Q2233+131 is also included as an SMG. This surface number density is higher by a factor of ∼30 than that obtained with the ASAGAO project. Note that, when we do not limit to z ∼ 3, the cumulative surface number density of ASAGAO SMGs with flux density of S λ > 1.350 mJy (the brightest bin) at λ = 1.2 mm is 4.2 +4.1 −2.3 × 10 2 deg −2 (see Table 4 of Hatsukade et al. 2018 for further details). This is ∼8 times higher than the SMG surface number density of our target field.
The obtained high surface number density with respect to that of the ASAGAO survey suggests that the two SMGs and Q2233+131 are located in an over density region at z ∼ 3. This also suggests that our target region comprises a so-called quasar-SMG association (e.g., Fu et al. 2017; Trakhtenbrot et al. 2017) . Their typical separations are ∼ 10 − 100 kpc. Such quasar-SMG systems are considered to be gas-rich merging systems (e.g., Guilloteau et al. 1999; Wang et al. 2013; Willott et al. 2013; Fu et al. 2017 ). If SMG1 and SMG2 are located at the same redshift as that of Q2233+131, z = 3.3, their projected distances from Q2233+131 are 35.2 kpc and 60.2 kpc, respectively. If this is the case, the environment around Q2233+131 provides a good laboratory for future investigations of a merging system at such a high redshift. We note that most of previously discovered gas-rich merging systems are identified as an unresolved single SMG by using either Herschel or WISE whereas they contain multiple submm sources based on ALMA observations. Here we note again that our three systems (one quasar with the two SMGs) are also a single source in the WISE observation.
However, currently, there are no lines of secure evidence for their physical association. Future follow-up observations will be important to examine this scenario. If the SMG(s) is an optically faint object at low redshift, we may be able to measure its redshift by deep optical spectroscopic observations such as very sensitive long-slit or integral field spectroscopy. If the SMGs are too faint to detect even with very deep optical spectroscopy, ALMA is the best telescope for the redshift measurement. The next step will be a search for [C ii] 158 µm emission at the Q2233+131 redshift, z ∼ 3.3. If still no detection, another plan is to carry out spectral scan observations. In this case, CO emission lines may be useful because such SMGs have been forming stars with a high SFR and thus it is expected that there is a lot of molecular gas in them. In this case, CO(3-2) or CO(4-3) seems a better choice, if z ∼ 2 − 3, because this line can be detected at Band 3 whose observing condition is generally better than that at Band 8 in the ALMA site; e,g., Fynbo et al. (2018) and Neeleman et al. (2018) . If the SMGs are at z < 1, the CO(2-1) line is useful to the redshift measurement (e.g., Møller et al. 2018 ).
Summary
We have conducted ALMA Band-8 observations of DLA2233+131 at z = 3.150 found in the UV spectrum of quasar Q2233+131 at z = 3.295. This DLA is the first intervening DLA at high redshift whose optical counterpart was identified (Djorgovski et al. 1996) . The Lyα emission associated with this DLA shows double peak profile whose separation corresponds to 600 -750 km s −1 (Christensen et al. 2004) . High spectral resolution IFS observations by Christensen et al. (2007) and an excellent quality image obtained by Kashikawa et al. (2014) showed the optical counterpart of DLA2233+131 is a compact galaxy, although some faint extended Lyα emitting regions appear to be associated.
To investigate the origin of this DLA, we have conducted ALMA Band 8 observations to detect [C ii] 158 µm emission. However, we have not detected significant [C ii] emission in our ALMA observations. A possible reason of this non-detection is that the line is too faint to be de-tected in the relatively short integration carried out here. We estimate the expected [C ii] from DLA2233+131 based on its SFR derived by optical observations, S([C ii]) δv = 24 -3200 mJy km s −1 . The large spread of estimated flux comes from the scatter of observed [C ii]/FIR ratio. In the case that the [C ii]/FIR ratio is significantly low, the expected [C ii] flux is fainter than the detection limit of our ALMA observations. Although such a lower [C ii]/FIR value suggests higher dust temperature (Malhotra et al. 2017) , optical observations imply that DLA2233+131 may have only little dust content. This is consistent with the non-detection of dust continuum from DLA2233+131 in this work. Therefore, we consider another possible scenario in which the counterpart of DLA2233+131 is optically thick enough to activate the self-shielding effect. In this scenario, the PDR cannot be formed and thus [C ii] emission is not radiated. The observed double peak Lyα emission implies the existence of the outflowing gas. The origin of faint emissions around DLA2233+131 may be explained by the resonant scattering.
The previous ALMA [C ii] 158 µm or CO observations of low-to intermediate-to high-z DLAs are successful (Neeleman et al. 2016; Neeleman et al. 2017; Fynbo et al. 2018; Kanekar et al. 2018; Møller et al. 2018; Neeleman et al. 2019 ). Although we cannot detect [C ii] 158 µm emission from DLA2233+131, we would like to recommend that one carry out a systematic search for [C ii] 158 µm emission for a large sample of DLA from low to high redshifts. One problem is that it is difficult to estimate reasonable integration time because we do not have any reliable line flux estimators. Therefore, the first step is to carry out this survey with one hour integration for any DLAs. Such a large survey will tell us useful information on the origin of DLAs although there may be a variety of DLA counterparts, e.g., outflowing gas, disks of gas-rich galaxies from dwarf to giant ones.
Despite the non-detection of [C ii] 158 µm emission from DLA2233+131, we have serendipitously found the two SMGs in the observed field; SMG1 and SMG2. Their angular separation from Q2233+131 are 4 .7 and 8 .1, respectively. They are not detected in the optical imaging with HST and the Subaru Telescope. Since most of previously observed low-z SMGs are also detected in optical observations, they may not be low-z galaxies although we cannot rule out the possibility that they are optically very faint low-z objects.
Because it is hard to drive the redshifts of SMG1 and SMG2, we consider the possibility that these two SMGs and Q2233+131 are associated with each other; i.e., SMG1 and SMG2 are at z = 3.3 as well as Q2233+131. If this is the case, the linear projected separations from the quasar to SMG1 and SMG2 are 35 and 60 kpc, respectively. These separations are similar to that of gas-rich merging systems observed as quasar-SMG pairs at high redshift (10 -100 kpc). If this is the case, the Q2233+131 provides an interesting target to study gas-rich merging systems at high redshift. Because we cannot confine the redshifts of two SMGs, new ALMA and/or deep optical observations will be necessary to obtain their redshifts.
